Abstract
INTRODUCTION
Liver cysts comprise a heterogeneous group of lesions classified as congenital or acquired [1] . Nowadays, most cysts are detected as an incidental finding when imaging of the liver is performed for abdominal complaints [2] . In most cases, liver cysts are of the simple type and are asymptomatic without clinical significance. Nevertheless, a minority attains large size and may cause progressive abdominal pain and/or discomfor t. Although the diagnosis is readily made by radiological imaging, the mode of treatment is controversial. Nowadays, treatment usually consists of percutaneous aspiration of the cyst followed by instillation of a sclerosant (sclerotherapy) [3] , or surgical treatment, either laparoscopically [4] or during laparotomy, in case of recurrence after radiological intervention. Only few published studies have focused on the outcome of treatment of simple liver cysts and PLD (including adult polycystic liver disease and adult polycystic kidney disease) after percutaneous or surgical interventions.
The aim of this study was to assess the outcome of patients with simple liver cysts and polycystic liver disease treated with percutaneous sclerotherapy or by surgical intervention, and to propose a treatment algorithm for these lesions.
MATERIALS AND METHODS
Between January 1997 and July 2006, a total of 54 consecutive patients were referred for evaluation and treatment of simple liver cysts (including solitary and multiple cysts) or polycystic liver disease, to the Department of Radiology, Gastroenterology and Hepatology and/or Surgery, Academic Medical Center, Amsterdam, The Netherlands. The study group consisted of 49 women (90.7%) and 5 males (9.3%) with a mean age of 56.3 ± 13.6 years (range 21-81). Medical records were reviewed for demographic features, presenting symptoms or indications for further analysis, in addition to size and location of treated cysts. The liver cysts were classified into two groups: simple (solitary or multiple) liver cysts or polycystic liver disease (PLD). The latter included PLD in the presence of polycystic kidney disease and autosomal dominant PLD). The following items were recorded: mode of treatment consisting of ultrasoundguided percutaneous sclerotherapy or surgical treatment, complications, duration of hospital stay and clinical outcome. Simple liver cysts typically presented on ultrasound (US) as anechoic, unilocular, sharply demarcated lesions with imperceptible walls showing posterior acoustic enhancement [5] . On CT, a simple liver cyst appeared as a well-demarcated lesion with fluid density without enhancement after contrast administration. Polycystic liver disease typically appears as multiple homogeneous lesions with fluid density without wall or content enhancement after contrast administration [6] .
Techniques
Percutaneous sclerotherapy was performed under local anesthesia. The cyst was aspirated by needle puncture under US guidance and examined for bile content to exclude communication with the biliary system. A pigtail catheter was then inserted for complete drainage aspiration and 95% ethanol or tetracycline was injected to destruct the epithelial lining of the cyst wall. The volume of the aspirated cyst fluid was recorded and only partially replaced by ethanol or tetracycline. The injected solution was left inside the cyst for approximately 2 h before drainage. The patients were observed for 24 h after percutaneous sclerotherapy.
Laparoscopic deroofing was performed under general anesthesia with the patient in a supine position. After insertion of the Veress needle just below the umbilicus, a CO2 pneumoperitoneum was installed and three trocars were inserted. The cyst was aspirated and deroofed with excision of the walls near the liver tissue by an electrosurgical hook knife [7] . Statistical analysis was performed using SPSS ® (SPSS 12.0.1, Chicago, Illinois, USA). Continuous variables were expressed as mean ± SD and differences were analysed using the Mann-Whitney U test. Categorical variables were analysed using Pearson's χ 2 test or Fisher exact test (when a table had a cell with an expected frequency of less than 5). P < 0.05 was considered significant.
RESULTS

Simple liver cysts
Simple liver cysts were diagnosed in 76% (41/54) of patients. The mean age at initial diagnosis was 57.5 yrs. The most common reason for referral was abdominal complaints in 35 patients (85%), consisting of pain in the right upper quadrant or epigastrium, discomfort or feeling of abdominal distension. Three of these patients presented with an acute onset of abdominal pain which could be attributed to intracystic bleeding as the appearance on US or CT was suggestive of a bleed within the cyst. Two patients were analysed because of jaundice and cholestasis, respectively, with abdominal imaging studies showing internal septations and a nonhomogeneous appearance. In 2 of the 41 patients (5%), suspicion of a malignant lesion (because of prior surgery for colorectal cancer) was the indication for further analysis. One patient presented with fever due to infection of the cyst. One patient with a prior medical history of a simple liver cyst on imaging was referred for analysis on the suspicion of intracystic bleeding in the absence of abdominal complaints.
Abdominal US was performed in all patients, additional contrast enhanced CT in 23 (56%) and MRI in two patients (Table 1) . In case of an uncomplicated, simple liver cyst, abdominal imaging showed the characteristic features as described above (methods section) (Figures 1 and 2 ). Patients with intracystic bleeding as complication mainly showed a nonhomogeneous appearance of the lesion or internal echogenic material, with septations within the cyst (Figure 3 ). In most of these patients, the diagnosis of a hepatobiliary cystadenoma was considered but rejected because they all were known with simple liver cysts on previous imaging studies. In two patients, endoscopic retrograde cholangiography (ERC) was used to assess possible communication with the intrahepatic biliary system. The mean size of the cysts was 12.6 cm. The cysts requiring treatment were located centrally in 18 patients (44%) with extension into the left and right liver lobes. In 14 patients (34%), the cyst was located in the right liver lobe. The mean follow-up time, from initial presentation elsewhere or in our center to initial treatment, was 31.5 mo (range 1-156 mo).
Percutaneous sclerotherapy was applied in 30 patients (73%). Of these, 2 patients had undergone percutaneous aspirations elsewhere to determine whether abdominal symptoms could be attributed to the cyst. Although the complaints had completely resolved after the intervention, recurrence after approximately 6 weeks with concomitant recurrence of abdominal pain occurred.
Four patients had unsuccessful, previous percutaneous sclerotherapy elsewhere with the larger cysts showing recurrence within 6 to 9 mo along with abdominal complaints. In the present series, the mean aspirated volume of the cyst was 2223 ± 1772 mL (range 50-5000). The mean volume of the sclerosant used for cyst ablation was 179 ± 95.8 mL (range 25-350 mL). In all these patients, an immediate decrease in size was demonstrated after percutaneous sclerotherapy on ultrasound examination. Complications were encountered in 2 patients (6.7%), including an intracystic bleed which did not require further treatment and one infection of the treated cyst which required re-admittance for intravenous antibiotic treatment. During follow-up, cyst recurrence was seen on US in 6 of the 30 patients (20%) within 4 mo. Of these, only 1 patient (1/30; 3.3%) showed concomitant recurrence of symptoms and in this patient, percutaneous sclerotherapy was eventually repeated twice. In the remaining 5 patients, relief of abdominal symptoms was attained despite small cyst recurrence, be it that the recurrent cysts were all significantly smaller than before treatment. These patients were discharged from further follow-up when no further increase in size of the recurrent cyst was detected. The mean hospital stay in patients after percutaneous sclerotherapy for a simple liver cyst was 3.4 d (median 2; range 2-23). The mean time of follow-up after treatment was 15 mo (2-35 mo).
Of all 41 patients, surgical treatment was performed in 11 patients (27%) with a mean duration of operation of 132.5 min (range 70-340). Of these patients, 4 patients had had previous treatment for relief of abdominal complaints, including prior percutaneous sclerotherapy in a hospital elsewhere in 3 patients and laparoscopic deroofing in 1 patient. Cyst recurrence in these patients was seen within 5 mo after the initial procedure. Surgical procedures included cyst wall deroofing and omentoplasty in 8 patients, of which 5 had laparoscopic procedures and 3 had an open approach. Two patients underwent laparotomy and enucleation of the cyst and 1 patient underwent local excision of a cyst near the common hepatic duct. Reasons for an open procedure were a superior or posterior location of the cyst in the liver or the fact that a malignancy could not be ruled out. A postoperative complication occurred in 1 patient (1/11; 9%) consisting of bile leakage requiring percutaneous drainage of a bile collection.
Cyst recurrence after surgical treatment was seen in three patients (3/11; 27%). Additional percutaneous sclerotherapy was carried out in 2 of these patients because of concomitant progressive abdominal complaints (2/11; 18.2%). Eventually, complete regression of these cysts was achieved ( Table 2 ). The mean hospital stay in patients after surgical treatment for a simple liver cyst was 13.9 d (median 8; range 4-35).
In patients with simple liver cysts (including solitary and multiple cysts), no significant differences in recurrence rate were observed after surgical treatment compared to recurrence after percutaneous sclerotherapy [27.3% (3/11) vs 20% (6/30), respectively; P = 0.680]. However, additional treatment was required in 18.2% (2/11) of patients with simple liver cysts after surgical treatment compared to 3.3% (1/30) of simple liver cysts after percutaneous sclerotherapy (P = 0.170).
Polycystic liver disease
Thirteen patients (13/54; 24%) were diagnosed with PLD and all experienced progressive abdominal complaints.
Abdominal US was performed in all patients. Eleven patients underwent abdominal CT (11/13; 85%) showing multiple unilocular cysts throughout the liver (Figure 4) . In two patients, the imaging findings were suggestive of an intracystic bleeding and the diagnosis was confirmed by percutaneous drainage of dark brown, haemorrhagic fluid. The mean size of the largest dominant cyst was 13 cm and these larger cysts were located in the right liver lobe in 7 patients (54%) ( Table 1) . In PLD, percutaneous sclerotherapy was carried out in 9 patients (69%). Only 3 patients had previous percutaneous drainage of a dominant cyst. Nevertheless, these cysts recurred within 4 mo. The maximum volume of intracystic fluid drained in this series was 5200 ml. No complications were seen after percutaneous sclerotherapy. Cyst recurrence was seen in 7 patients (77.8%). Of these, 4 patients required repeat percutaneous sclerotherapy because of progressive abdominal pain.
Surgical treatment was undertaken in 4 patients (30.8%) with PLD, and the mean duration of operation was 110 ± 47 min (60-170 min). All these patients had previous treatment in their medical history; three patients had undergone several attempts at percutaneous sclerotherapy and laparoscopic deroofing, and 1 patient had undergone percutaneous aspiration only.
In these patients, cyst recurrence occurred within one year after the various procedures. The surgical procedures included laparoscopic deroofing in 2 patients and laparotomy with deroofing in another 2 patients. Postoperative complications were seen in 2 patients, consisting of intracystic bleeding in one patient and bile leakage from a peripheral bile duct requiring biliary stenting in the other patient. Cyst recurrence after surgical treatment was seen in all patients after surgical treatment for PLD (Table 2) . Eventually, liver transplantation was required in 2 patients because of deterioration of liver and kidney function in one patient, and failed percutaneous sclerotherapy in the other patient.
DISCUSSION
The series described in this study, represents a selected group of patients who underwent treatment because of symptomatic large liver cysts. These patients mainly presented with abdominal symptoms (88%) and showed a mean cyst size of 13 cm. The large size of the cysts in this population is due to referral bias, because patients with abdominal complaints and large liver cysts are more likely to be referred for further diagnosis and/or treatment. Most of our patients (76%) were diagnosed with simple liver cysts. The precise incidence is difficult to determine, but is reported to be around 2% to 5%, according to ultrasound studies [1, 8] . A predominance in women is found with a mean age between 50 and 60 years, which is in accordance with our results [9] . Abdominal US or CT are the first choice of imaging for abdominal pain and are highly accurate for simple liver cysts [10] . Complications such as intracystic bleeding, rupture to the peritoneal cavity or intracystic infection may give rise to diagnostic problems because of their unusual appearance. Intracystic bleeding was responsible for abdominal complaints in five (15%) patients with liver cysts in our series. In one patient with a preoperative suspicion of a hepatobiliary cystadenoma, intraoperative frozen section of the cyst wall showed features of a simple cyst without ovarian stroma, and deroofing revealed hemorrhagic intracystic fluid. In this particular case, a simple cyst was misdiagnosed as cystadenoma [11] . The precise etiology of bleeding in a simple cyst remains unclear, but rupture of blood vessels inside the cyst wall due to rapid enlargement is thought to be a likely mechanism [12] . In such cases, abdominal multiphase contrast enhanced computed tomography (CT) may be required to further characterize the nature of the lesion. CT or MRI imaging is also useful for exact localization and establishing the relationship of the cyst with surrounding vascular structures, when surgery is considered. PLD is a rare clinical entity characterized by multiple simple cysts throughout the liver with variable size. Approximately 80% of PLD occurs in patients older than 60 years [2, 13] , as was also found in our patients. This entity may be associated with polycystic kidney disease or autosomal dominant PLD. Therefore, the kidneys and the pancreas should be assessed during imaging studies to determine whether these organs are affected too. Patients with PLD usually lack symptoms and are diagnosed during physical examination or incidentally, when imaging studies are performed for other reasons. Routine liver function tests usually are normal but may show elevated cholestatid parameters due to external compression of the bile ducts [14] . Although most patients with liver cysts are asymptomatic, a minority develops symptoms due to enlargement. As mentioned above, treatment should be considered only for progressive abdominal pain, or when complications have occurred. Also in case of suspicion on a hepatobiliary cystadenoma, surgical resection should be performed. Complete evaluation including upper GI endoscopy must be undertaken to exclude other causes of abdominal symptoms before symptoms may be attributed to the cyst. When the diagnosis has been established, several options ranging from no intervention to surgical treatment can be considered. Percutaneous sclerotherapy is first choice treatment because of its minimally invasive character and safety of the technique.
Percutaneous drainage of the cyst only results in temporary relief of abdominal pain and may be used as a trial treatment, to determine whether abdominal symptoms are attributable to the cyst [15] . For definitive treatment, concomitant instillation of tetracycline or ethanol in the cyst is applied to ablate the epithelial lining of the cyst which reduces recurrence remarkably [3, 16] . Nevertheless, in our series, recurrence of the cyst after single percutaneous sclerotherapy of simple liver cysts (including solitary and multiple cysts) was seen in 20% of patients, as is consistent with other reports [3] . This failure rate may be explained by instilling an insufficient amount of sclerosant or by insufficient exposure of the cyst lining to the sclerosant, especially in large cysts. Of note is that percutaneous sclerotherapy for PLD is unsuccessful in the short-term, as was reflected by a recurrence of 77.8% within a few months in this series. Percutaneous sclerotherapy in PLD is indicated to assess whether symptoms are attributable to a dominant cyst or to bridge the patient to liver transplantation ( Figure 5) .
The second choice of treatment after percutaneous sclerotherapy has failed, comprises cyst wall deroofing [17] . This technique is indicated when a cyst recurs after percutaneous sclerotherapy with concomitant increase of abdominal complaints. The technique is based on removal of part of the cyst wall, usually the part lying external to the liver surface, allowing free drainage of intracystic fluid into the peritoneal cavity. Alternatively, enucleation of the cyst or a formal partial liver resection may be an option. Obviously, enucleation is the more parenchyma sparing method while a relatively avascular dissection plane exisits between the cyst wall and the surrounding liver parenchyma.
In previous reports, laparoscopic approach of cysts located in segments Ⅵ, Ⅶ and Ⅷ were considered a contraindication for this non-invasive procedure [15, 18] . However, according to a recent study, location of the cyst should not be a contraindication anymore for a laparoscopic procedure [4] . During the surgical procedure, the cyst content should be aspirated to determine whether communication with the intrahepatic biliary system is present. This may prevent bile leakage from cut bile ducts running from the parenchyma into the cyst wall. As mentioned above, complicated liver cysts after intracystic bleeding may show internal septations and/or wall nodules on imaging studies, and therefore, resection is advised if a neoplastic cyst cannot be ruled out.
In conclusion, the majority of patients with simple liver cysts or PLD are referred for progressive abdominal pain. As initial treatment, percutaneous sclerotherapy is appropriate and may determine whether the symptoms are attributable to the cyst. Surgical deroofing of the cyst wall, either laparoscopically or during laparotomy, is indicated when percutaneous treatment has failed. However, the results of percutaneous sclerotherapy and surgical treatment for PLD are disappointing. In case of suspicion of a complicated cyst or malignant lesion, complete excision of the cyst or partial liver resection is indicated. 
